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Nor th  A m e r i c a n  Rockwell i s  p r o p o s i n g  new hea t . e r  

c o n t r o l  e l e c t r o n i c s  f o r  t h e  AAP CM-SM. The p r e s e n t l y  b a s e l i n e d  

scheme i n c l u d e s  r e d u n d a n t ,  f u l l y  a u t o m a t i c  c i r c u i t s  employing 

b i -meta l l ic  t h e r m o s t a t s .  I n  t h e  proposed  AAP scheme, a 

mercury c a p i l l a r y  i s  used  on small  h e a t e r s  and  a p r o p o r t i o n a l  

c o n t r o l l e r  i s  used  on l a r g e  h e a t e r s  t o  l i m i t  power s u r g e s ,  

A cursory examina t ion  i n d i c a t e s  t h a t  t h e  change t o  new c o n t r o l  

e l e c t r o n i c s  i s  n o t  s t r i c t l y  needed b u t  d e s i r a b l e .  Nor th  

American feels t h a t  cost and s c h e d u l i n g  d e l t a s  w i l l  be  s m a l l .  
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Nor th  American Rockwell i s  p r o p o s i n g  new h e a t e r  
c o n t r o l  e l ec t ron ic s  t o  s u p p l a n t  t h e  p r e s e n t l y  b a s e l i n e d  
scheme. The q u e s t i o n  h a s  been asked  by M r .  S c h n e i d e r  as 

change ,  and answer t h i s  q u e s t i o n ,  t h e  f o l l o w i n g  t h r e e  
c o n t r o l  schemes are  compared: 1) t h e  Apo l lo  Block I1 
scheme, 2 )  t h e  p r e s e n t l y  b a s e l i n e d  scheme, and 3 )  t h e  newly 
proposed  scheme. 

t o  wheti1e1 ilie change i s  iieedzd. Tc q u i c k l y  eT"7alu2tP t h e  

I n  Block 11, t w o  bas ic  c i r c u i t s  are u s e d :  1) s i m p l e  
on-off  manual c o n t r o l  and 2 )  s i n g l e  t h e r m o s t a t  c o n t r o l .  Both 
systems are r e d u n d a n t ,  and b o t h  r e q u i r e  i n s t r u m e n t a t i o n  
m o n i t o r i n g  d u r i n g  normal o p e r a t i o n s .  The t h e r m o s t a t s  arc 
b i -me ta l l i c  "on-o f f "  devices.  (See F i g u r e  1 f o r  s c h e m a t i c s  
o f  t h e  va r ious  c i r c u i t s ) .  

I n  t h e  l o n g e r  AAP m i s s i o n s ,  t h e  d e c r e a s e  i n  a v a i l a b l e  
c r e w  m o n i t o r i n g  t i m e  i n  t h e  CN,  coup led  w i t h  t h e  l a r g e  number of 
h e a t e r s  r e q u i r e d  fo r  t h e  f i x e d  a t t i t u d e  env i ronmen t s  , c i -ea tes  a 
need f o r  more r e l i a b l e  ( long  l i f e )  , f u l l y - a u t o m a t i c  c o n t r o l s .  
The p r e s e n t  b a s e l i n e d  sys tem r e p r e s e n t s  an  e f f o r t  t o  f u l f i l l  
t h i s  need employing Block I1 t y p e  equipment ;  however , more 
t h e r m o s t a t s  are used, and t h e  w i r i n g  i s  d i f f e r e n t  t h a n  i n  
B l o c k  11. T o  i l l u s t r a t e  ( F i g u r e  1) , t h e  Block 111 manual 
c i r c u i t  h a s  no  t h e r m o s t a t s  and t h e  Block I1 s i n g l e  t h e r m o s t a t  
c i r c u i t  h a s  r e d u n d a n t  c o n t r o l  w i t h  one  t h e r m o s t a t  e a c h  , w h i l e  
t h e  AAP b a s e l i n e d  scheme h a s  r e d u n d a n t  c o n t r o l  w i t h  t h r e e  
t h e r m o s t a t s  each  (a  t o t a l  o f  s i x ) .  Two p a r a l l e l  ther inos ta t - s  
c o n t r o l  t e m p e r a t u r e s  w i t h i n  t h e  d e s i r e d  r a n g e  and a t h i r d  
t h e r m o s t a t ,  i n  ser ies ,  acts as a " t h e r m a l  b reake r ' '  t o  p ro tec t  
a g a i n s t  runaway h e a t e r s .  T h i s  f u l l y  automatic  scheme does  
n o t  r e q u i r e  c r e w  m o n i t o r i n g  d u r i n g  normal  o p e r a t i o n ,  and it 
i s  c o n s i d e r e d  by North American t o  b e  more a c c u r a t e ,  f a s t e r ,  
and more r e l i a b l e  t h a n  t h e  Block I1 scheme. 

The b a s e l i n e  sys tem h a s  several s h o r t c o m i n g s .  The 
t w o  major problems seem t o  be :  1) t h e  c o n t r o l  i s  "bang-bang" 
o r  "on-o f f "  c a u s i n g  power s u r g e s ,  and 2 )  a l t h o u g h  t h e  b a s e l i n e  
scheme is c o n s i d e r e d  more r e l i a b l e  t h a n  Block 11, a f a i l u r e  i n  
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t h e  series t h e r m o s t a t  would e f f e c t i v e l y  e l i m i n a t e  an  a u t o m a t i c  
c o n t r o l  c i r c u i t .  With an  open f a i l u r e ,  h e a t e r  power i s  l o s t ,  
and w i t h  a c l o s e d  f a i l u r e ,  p r o t e c t i o n  from a runaway h e a t e r  i s  
l o s t .  

The new scheme, proposed  by Nor th  American, would 
e i ther  s o l v e  o r  g r e a t l y  r educe  t h e s e  problems.  I n  a d d i t i o n ,  
as i n d i c a t e d  i n  F i g u r e  2 ,  t h e  new scheme i s  b e t t e r  i n  o t h e r  
r e s p e c t s  such  as a c c u r a c y  and r e s p o n s e .  (Accuracy may b e  
i m p o r t a n t  f o r  PVT g a u g i n g . )  

I n  t h e  new sys tem,  d i f f e r e n t  c o n t r o l  e l e c t r o n i c s  
would be  used  on s m a l l  and la rge  h e a t e r s .  T h e r e  are  approx-  
i m a t e l y  15  t o  20 s m a l l  h e a t e r s  ( < 4 5  W . )  and 1 0  t o  15 l a r g e .  
on s m a l l  h e a t e r s ,  a mercury c a p i l l a r y  ( thermometer )  w i t h  
s o l i d  s t a t e  s w i t c h i n g  i s  proposed .  The d e v i c e  h a s  a 
r e l i a b i l i t y  of 0 . 9 3 9 8 ,  i s  ve ry  a c c u r a t e ,  and such  d e v i c e s  
have  been used on o t h e r  s p a c e c r a f t  such  a s  M a r i n e r  4 and t h e  
LM RCS. I t  i s  an  "on-o f f "  c o n t r o l ,  b u t  w i t h  t h e  s m a l l  h e a t e r s ,  
t h i s  i s  n o t  a drawback. For t h e  l a r g e  h e a t e r s ,  a p r o p o r t i - o n a l  

b r i d g e  c i r c u i t  connec ted  t o  a n  a m p l i f i e r ,  i s  p roposed .  T h i s  
d e v i c e  i s  v e r y  r e l i a b l e  ( 0 . 9 9 9 8 )  and a c c u r a t e ,  and i t  would 
p r o p o r t i o n  power t o  t h e  h e a t e r s  t h u s  e l i m i n a t i n g  t h e  power 
s u r g e s .  I n  a d d i t i o n ,  t h e  f a i l u r e  mode i s  an  open c i r c u i t  
t h u s  e l i m i n a t i n g  t h e  need fo r  a t.herrna3 b r e a k e r  and the 
c o r r e s p o n d i n g  t h r e a t  of  a runaway h e a t e r .  

c o l l t r o l l e r  , such  as a resist-ance 4 - - - - - - - -  1 7 . y - n  ~ 7 - v ~ ;  nn LC11ILJ"I ' L t C l L  L L l L  v I LL w i t h  2 

I t  i s  r e l a t i v e l y  c lear  t h a t  t h e  new s y s t e m  i s  much 
U L L C  hat ter  t h a n  t h e  b a s e l i r , e  system. !!oxever, whether  the change 
i s  needed o r  j u s t  d e s i r a b l e  seems t o  depend p r i m a r i l y  on t h e  
chances  of t h e r m o s t a t  f a i l u r e  and  on t h e  impor t ance  o f  power 
s u r g e s .  

According t o  t h e  Nor th  American AAP F a i l u r e  Modes 
E f f e c t s  A n a l y s i s  Document, t h e r m o s t a t  f a i l u r e  h a s  a "low 
p r o b a b i l i t y "  of o c c u r r i n g .  T h i s  seems t o  be conf i rmed by t h e  
s u c c e s s f u l  o p e r a t i o n  d u r i n g  Apollo f l i g h t s  7 and 8 .  T h e r e f o r e ,  
a l t h o u g h  t h e  problem c e r t a i n l y  e x i s t s ,  t h e  p r o b a b i l i t y  of 
f a i l u r e  seems t o  b e  l o w  enough t o  a c c e p t .  

Power  s u r g e  problems are  d i f f i c u l t  t o  assess, b u t  
i t  i s  clear t h a t  l a rge  power marg ins  must  be  m a i n t a i n e d  t o  
accomiodate  t h e  sudden s t a r t i n g  of l i r g e  h e a t e r s .  For  exampld, 
t h e  l a r g e s t  h e a t e r  i s  255  watts.  The p r o p o r t i o n a l  c o n t r o l l e r  
would s u b s t a n t i a l l y  r e d u c e  t h e  needed margin ,  a l t h o u g h  a v e r a g e  
power usage  would n o t  change a p p r e c i a b l y  f o r  t h e  m i s s i o n .  
Although t h e  s u r g e  problem may b e  s o l v a b l e ,  Nor th  American 
i n d i c a t e s  t h a t  t h e  d e s i g n  d i f f i c u l t i e s  a r e  s u b s t a n t i a l .  
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Thus, a c u r s o r y  examina t ion  i n d i c a t e s  t h a t  t h e  
change t o  new c o n t r o l  e l e c t r o n i c s  i s  n o t  s t r i c t l y  needed ,  
b u t  d e s i r a b l e .  To f i n a l i z e  an  e v a l u a t i o n  of t h i s  change ,  
a measure of  i t s  impac t  on s c h e d u l i n g  and  c o s t  i s  needed .  

l i n e s  i s  a v a i l a b l e ;  however, Nor th  American f e e l s  t h a t  cost  
and s c h e d u l i n g  d e l t a s  are small ,  e s p e c i a l l y  when t h e y  a re  
ba lanced  a g a i n s t  s a v i n g s  i n  e l e c t r i c a l  power sys t em r e d e s i g n .  
T h i s  seems r e a s o n a b l e  s i n c e  even  t h e  p r e s e n t l y  b a s e l i n e d  
sys t em i s  s i g n i f i c a n t l y  d i f f e r e n t  frorii Block 11 i n  d e s i g n  
and i n  t h e  number and t y p e  of h e a t e r s  c o n t r o l l e d .  (Only 
1 0 %  of t h e  Block  I1 h e a t e r s  have  been r e t a i n e d . )  

. A t  t h i s  p c l n i ,  no  comprehensive in fo r r , i a t ion  a l o n g  t h e s e  

On May 1, 1 9 6 9 ,  North American i s  r e q u i r e d  t o  
submi t  a s t u d y  j u s t i f y i n g  t h e  hea t e r  c o n t r o l  e l e c t r o n i c s  
change .  

The a u t h o r  would l i k e  t o  acknowledge t h e  h e l p  
of B. W .  Moss i n  t h i s  e v a l u a t i o n .  

1 0 2 2 - GM Y - me f 

A t  t a chm e n t s 
F i g u r e s  1. and 2 

G .  M .  Yan izesk i  
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